Zr-Sn-Nb-Fe alloys are one of the important directions for continuous improvement of zirconium alloys for high burn-up fuel assemblies. The corrosion resistance of Zr-Sn-Nb-Fe alloys is closely related to the alloying element and water chemical condition. To better understand the effect of Sn on corrosion resistance of Zr-Sn-Nb-Fe alloy, the normal N36 (Zr-1Sn-1Nb-0.3Fe) and low-tin N36 (Zr-0.8Sn-1Nb-0.3Fe) alloy sheets were prepared and tested in static autoclave in both of 0.01 mol/L LiOH and 0.03 mol/L LiOH aqueous solution at 360˚C and 18.6 MPa. The characteristics of the microstructure and oxide film of alloys were analyzed by TEM and SEM respectively. It was shown that that the corrosion transition of the normal N36 appears earlier and the weight gain is higher than the low-tin N36 in two corrosive mediums. The cracks paralleling to the interface of oxide/metal are formed in the fracture surface of the oxide film and the micrographs at the oxide film/substrate interface appear uneven morphology. With the increasing of corrosion gain, there are more parallel cracks in oxide film and the uneven morphology at the oxide film/substrate interface is more obvious.
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quest for corrosion resistance of zirconium alloys, which are the key components of fuel element cladding materials, is put forward. So many countries have been developing new zirconium alloys cladding materials by optimizing Zr-Nb and Zr-Sn series alloys and obtained many Zr-Sn-Nb series new zirconium alloys, such as ZIRLO, E635 and X5A [1] [2] [3] , and their corrosion resistance in LiOH aqueous solution are obviously better than Zircaloy-4.
The corrosion resistance of zirconium alloy is related to water-chemistry environment and alloy composition. In recent years, with optimizing research [4] [5] about ZIRLO and E635 alloys, it showed the corrosion resistance can greatly increases by reducing Sn content in Zr-Sn-Nb-Fe alloys, but too little Sn will lead to accelerated corrosion of alloys in LiOH aqueous solution, which how to accelerate Zr-Sn-Nb-Fe alloys corrosion is still obscure at present [6] [7] [8] .
N36 is a new Zr-Sn-Nb-Fe alloy developed by China. Its chemical weight composition was 0.8% -1.2% Sn, 0.8% -1.2% Nb, 0.2% -0.4% Fe, Zr balance, and its nominal composition was Zr-1Sn-1Nb-0.3Fe. To better understand the effect of Sn on accelerated corrosion of N36 alloy in LiOH aqueous solution, the sheet samples of normal N36 (Zr-1Sn-1Nb-0.3Fe) and low-tin N36 (Zr-0.8Sn-1Nb-0.3Fe) were prepared and corroded in static autoclave in both of 0.01 mol/L and 0.03 mol/L LiOH aqueous solution at 360˚C and 18.6 MPa. The characteristics of microstructure of alloys, micrographs of the fracture surface and the interface of oxide/metal of the oxide film were analyzed. The effect and mechanism of Sn content on corrosion resistance of N36 zirconium alloy in LiOH aqueous solution were discussed.
Experiments
First, the button ingots of normal N36 and low-tin N36 alloy were prepared by vacuum non-consumable arc melted method, each ingot is about 70 g. Next, the ingots were treated by water quench after solid solution treatment at 1050˚C for 0.5 h, hot rolled after 600˚C and holding this temperature for 1 h and cold rolled for 2 times, the alloys were inter-annealed during cold rolling with 600˚C for 1 h and final-annealed with 580˚C for 2 h, The thickness of about 0.6 mm sheets were finally obtained. The contents of the main element, O and N in alloy were showed in Table 1 . Figure 1 shows the TEM microstructure of the final annealing normal N36
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( Figure 1(a) ) and low-tin N36 (Figure 1(b) ) samples respectively, the approximately equal recrystallization grain size are found in both of samples, and the second phase particles (SPPs) take on small round pellets and distributed uniformly in α-Zr with the majority SPPs located inside of crystal grain while less is on the boundary, the average size of SPPs were is about 80 nm, which indicate that the Sn content with small adjustment will hardly impact on the recrystallization grain size and the size distribution of SPPs of N36 alloy. resistance is low-tin N36, following is normal N36, while the worst is Zr-4. uneven as well as bigger pore dimensions.
Corrosion Behavior
Fracture Morphology
Analysis and Discussions
According to corrosion dynamics curves of Zr-4, normal N36 and low-tin alloy LiOH aqueous solution at 360˚C and 18.6 MPa, the corrosion resistance of normal N36 and low-tin N36 are better than Zr-4 alloy while low-tin N36 alloy are better than normal N36 alloy. The corrosion behavior of zirconium alloy is related to alloy composition and microstructure. As a relatively stable element of α-Zr, Sn exist in α-Zr through solid solution atom. The average size of the second phase particles will increase little as the content of Sn increase and effect the corrosion behavior of alloy [9] . But crystal structure, the size of second phase particles as well as distribution have not obviously distinction by judge from microstructure of normal N36 and low-tin N36 zirconium alloy as the content of Sn in two alloys have little difference, on the other side, heat treatment temperature (580˚C -600˚C) of alloy specimens is far more lower than transfer temperature of N36 alloy [1] . the second phase particles of N36 alloy are C14 Zr (Fe, Nb) 2 and β-Nb [10] , so the size of second phase particles, distribution and type are very close before corrosion, it is not the main reason that cause the difference in corrosion resistance between N36 and low-tin N36.
According to the observing results of microstructure of oxide films after cor- The cracks and pores in oxide films are related with gathering and release of stress during the growth of oxide films. As zirconium alloys are corroded at initial stage, the oxide films grow at the stable tetragonal ZrO 2 , and volume expand (P-B ratio 1.56), it is also constrained by matrix metal and have stable function to tetragonal because there will be compressive stress inside the oxide films [13] .
Along with adding distance to fracture, the compressive stress of inner oxide films become weak so that cause tetragonal ZrO 2 to transfer monoclinic ZrO 2 during transference, at the same time, in the vicinity of transient ZrO 2 produce internal stress which shape cracks in the oxide films and shorten distribution route of H or O and decrease corrosion resistance of alloy [14] [15] . So it is also concluded that when oxide films of good corrosion resistance low-tin N36 exist in tetragonal ZrO 2 .
The tin as solid solute in α-Zr diffuse and gather in the interfacial boundary of tetragonal ZrO 2 at a specific temperature and compressive stress. During corro-
sion process of alloy specimens, the enriched tin at the crystal boundary expand when they are oxidized, which will make the t-ZrO 2 change into m-ZrO 2 with greater speed, and accelerate to produce cracks [16] . So low-tin N36 alloy with little Sn have little cracks in its oxide films and have good corrosion resistance.
Conclusion
1) Compared to Zr-4 alloy, the corrosion resistance of N36 alloy are better in both of 0.01 mol/L LiOH aqueous solution and 0.03 mol/L LiOH aqueous solution at 360˚C and 18.6 MPa, while low-tin N36 is better than normal N36.
2) The little difference of Sn content hardly influences on grain size and precipitates of the N36 alloys. It was concluded that the solid solution contents of Sn in a-Zr matrix was the main reason cause corrosion resistance difference between normal N36 and low-tin N36.
3) As samples corroded in different water chemistry, the cracks paralleling to the interface of oxide/metal are formed in the fracture surface of the oxide film and the oxide film in the inner surface appears at the Cauliflower-like morphology after corrosion transition. With the increasing of corrosion rate, there are more cracks in the fracture surface of the oxide film and the size of Cauliflower-like structure grows bigger.
